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Riﬂing marksAbstract: The present experimental research was carried out in the year 2011 in Kingston,
Jamaica. A total of six ﬁrearms were used in this research, each bullet served as its own control.
A total of seven sets of bullets were test ﬁred of which one set was embedded in the body (control)
and was stored at 2–4 C and other six sets were embedded in a fresh cadaver and subjected to envi-
ronment temperature of 26–29 C, for a period of 12 days. Macroscopic observation indicated com-
plete corrosion of the class characteristic markings (major countable striations) by the 8th day, by
the 6th day it was near obscuration. On the 2nd day with the onset of bioﬁlms, corrosive changes on
the riﬂing marks were noted. On the 4th day, bioﬁlm, and bio-corrosion (microbiologically induced
corrosion) had obliterated 100% of linear macroscopic striations (microstriae/individual characters)
and 50% of class character riﬂing marks.
The observations through comparison microscope indicated that the individual characteristic
(microscopic) markings on the bullet in the form of microstriae showed complete corrosion or
obscuring by the 10th day. The surface appeared smooth, onset of corrosion process was noted
on the 2nd day and by the 4th day 50% obscuring of the marks was noted. This change in the mark-
ings of the metal surface of the bullet was uniform to all the ammunitions used in this study. The
control bullets showed no such changes during the period of study. The study conﬁrms the existence
of a potential danger in dealing with crime bullets retrieved from putreﬁed bodies. It also highlights
the importance of early retrieval of dead bodies in ﬁrearm deaths and the importance of proper stor-
age facilities to deal with cases of ﬁrearm deaths.
ª 2015 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
When a bullet is ﬁred through a riﬂed barrel, the lands and
groove spirals of the riﬂing fetch ﬁne grooves called ‘‘stria-
tions’’ into the bullet. These can be matched with the barrel
through which the bullet was ﬁred. Examiners distinguishll rights
18 D. Rao et al.between striations common to all guns of a particular type
(‘‘class characteristics’’) and those unique to a particular gun
(‘‘individual characteristics’’).1
The class characteristics (macro striations) depend upon the
type of riﬂing in the barrel, which varies among manufacturers
and models in the number and shape of the grooves, twist rate,
and direction. Colt, for example, traditionally uses a left-hand
twist, while Smith and Wesson, uses a right hand twist; a cur-
rent production M16 riﬂe uses a 1 in 7 inch twist. Individual
characteristics (microstriations) are caused not only by imper-
fections in the riﬂing process and tools, but also by the wear
and tear caused by regular use, and can therefore change over
time. These changes are unique to the particular weapon along
with the make of the weapon. These changes in the Individual
character of the weapon help in the identity of the weapon
which ﬁred the bullet and thus the assailant is identiﬁed.2,3
These individual characters are microstriations observed under
the comparison microscope, hence any alterations in the stria-
tions of a crime bullet will result in the identity of a wrong
weapon or ruling out the suspected weapon thereby an inno-
cent being held guilty or an assailant being left scot-free. It is
not unusual in forensic practice to encounter inevitable delay
in recovering the dead due to many factors surrounding the
crime; one of those factors is concealing or disposing the body
after the crime. In such cases the exposure of the body to the
environment leads to decomposition and the presence of inju-
ries on the body will aggravate its process. Hence, the bacterial
enzymes and cell enzymes of varying pH derived as a result of
putrefaction is most likely to have effects on the metals consti-
tuting the ammunition (crime bullet), in the body. The present
study is an attempt to conﬁrm these effects on the signature
(striations) of the bullet retrieved from the decomposed bodies.
It also highlights the importance of early evidence material
retrieval from the dead in cases of gunshot wound and the
importance of proper storage facilities to deal with cases of
ﬁrearm deaths. The studies also conﬁrm the alterations of
those signatures of the weapon on the bullet and discuss the
implications of its alterations in identiﬁcation of the weapon
and the suspect. The present study is an experimental research
carried out in the cadaver with the test ﬁred bullets, each bullet
acting as its own control. They were inserted into the predeter-
mined sites in the muscular layers of the fresh cadaver and sub-
jected to the natural process of decomposition. The said bullets
were retrieved at intervals of 2, 4, 6, 8, 10, and 12 days and
studied under the comparison microscope and observed for
changes in the markings (striae) of the bullet. One set of the
test ﬁred bullet embedded in the cadaver stored at 2–4 C for
a period of 12 days acted as control (Tables 1 and 2).Table 1 Type of weapon, ammunition and number of bullets
used.
Weapon Ammunition jacketed bullets
Revolver 06
Browning 06
Glock 06
AK47 06
MP5 06
M16 062. Materials
Research equipment:
Revolver, Gluck pistol, Browning pistol.
AK47 riﬂe, MP5 riﬂe, M16 riﬂe.
Comparison microscope.
Water tank.
Nikon D90 camera.
Research material.
Ammunition-jacketed bullets made of brass, copper and
lead, Semi jacketed bullets, Fully jacketed bullets.
Cadaver.
Packaging and labeling material.
Cold storage.
3. Method and sampling
In this study, two cadavers were used, one subjected to the
natural process of decomposition (cadaver A) and another
as control (cadaver B). The mean temperature recorded dur-
ing the study was 26–29 C with intermittent rainfall. The
weapons were test ﬁred with seven sets of immunizations
(jacketed) in a water tank and the bullets retrieved from
it. Six sets of bullets were inserted in cadaver A, and
another set of bullets was inserted in cadaver B (control),
at predetermined penetrated wound induced artiﬁcially in
the cadaver. Cadaver A was exposed to the natural process
of decomposition by placing it in an open environment over
a cement podium away from the morgue in a protected envi-
ronment. The bullets from cadaver A were retrieved at 2, 4,
6, 8, 10 and 12 days of putrefaction. The bullets from cada-
ver B were retrieved at the end of 12 days. All the bullets
were marked, labeled and studied under the comparison
microscope and naked eye. The changes in the macrostriae
and microstriae on the bullet surface were documented both
from the control samples and cadaver A samples (Tables 3
and 4).
4. Results
1. Naked eye changes were recorded in the bullet retrieved
from the decomposed body. The macrostriae (class charac-
ters) were obscured completely (100%) after the 8th day
and 100% obliteration of the microstriae (individual char-
acters) on the 4th day and 50% of the small linear striae
were obscured on the 2nd day.
2. When observed through the comparison microscope the
changes in the microstriae indicated a total obscuring of
the microstriae (individual characters) on the bullet surface
from those retrieved after the 10th day of decomposition.
However, 50% of the microstriae on the bullet surface were
obscured from the bullets retrieved on the 4th day of
decomposition.
3. Bullets retrieved from the decomposing body demonstrated
micro bioﬁlm, biofouling and biocorrosion along with
greenish to black discoloration of the metal surface
(Table 5).
Table 2 Decomposition changes in the body during the period of study.
Post-mortem
interval in
days
Decomposition changes
2 Distension, greenish color changes with blisters, eggs of ﬁles present. Eyes, face and neck swollen. Marbling present
3 Larvae 2–3 mm, increased distension and dark color skin surface. Tongue protruded out of mouth, with blood stained ﬂuid.
Slippage of skin
4 4–5 mm maggots and fungus present. Highly distended with blood stained ﬂuid oozing through natural and artiﬁcial (stabs)
oriﬁces. Foul smelling
5 Increase in length of maggots 5–7 mm; distension reduced. Fluid volume increased
6 10–12 mm maggots with eggs and larvae 1–2 mm. Fluid volume increased with fatty ﬂuid with yellow sludge like material.
Degloving of skin
7 10–12 mm maggots and 2–3 mm larvae. Skin hard adhered to the body margins. Decreased foul smell. Discharge of ﬂuid mixed
with fatty tissue
8 Maggots perforating the skin and deep tissues through openings. Fungus present. Muscles subcutaneous tissue reduced, bony
prominence marked. Darkened color of skin
10 The internal tissue shrunk and liqueﬁed and bullets were seen through the external wound. Maggots have perforated the skin,
entered the body cavities through the openings. Yellow fatty sludge under the surface of the body
12 Bullets ejected from the openings. Subcutaneous and muscle tissue completely dissolved, organs entangled black mass with large
mass of maggots inside the cavities
Table 3 Observations of class characters by comparison microscope (macrostriae/microstriae) Naked eye changes. Alterations of
class characters of riﬂing marks on the bullet. Note the macrostriae markings were obscured completely (100%) after the 8th day and
the microstriae markings obliterated on the 4th day and 50% of the small linear striae were obscured on 2nd day.
Ammunition 48 h 4th day 6th day 8th day 10th day 12th day
Macrostriae marks 0% 50% 50–100% 100% 100% 100%
Microstriae marks 50% 100% 100% 100% 100% 100%
Table 4 Changes in individual characters, by comparison microscope (40–60·) changes. The table indicates total obscuring of the
microstriae (individual characters) in bullets retrieved after the 10th day of decomposition. However 50% of the microstriae marks on
the bullets were obscured in the bullets retrieved on the 4th day of decomposition.
No. of day Revolver Browning Glock AK47 MP5 M16
2nd day Microbioﬁlm onset of
corrosion
Microbioﬁlm
onset of corrosion
Microbioﬁlm
onset of corrosion
Microbioﬁlm
onset of corrosion
Microbioﬁlm
onset of corrosion
Microbioﬁlm
onset of corrosion
4th day 50% corroded 50% corroded 50% corroded 50% corroded 50% corroded 50% corroded
6th day 50–100% obliterated 50–100%
obliterated
50–100%
obliterated
50–100%
obliterated
50–100%
obliterated
50–100%
obliterated
8th day Near obliteration Near obliteration Near obliteration Near obliteration Near obliteration Near obliteration
10th day 100% obliterated 100% obliterated 100% obliterated 100% obliterated 100% obliterated 100% obliterated
12th day 100% smooth surface 100% smooth
surface
100% smooth
surface
100% smooth
surface
100% smooth
surface
100% smooth
surface
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perature did not show any such alterations in the riﬂing
marks (macro and microstriae) of the bullet. There were
no signs of bioﬁlm, discoloration, bio-corrosion or biofoul-
ing on the surface of the bullet.5. Discussion
This study has limited comparison due to nonavailability of
similar work done elsewhere. However, genuine efforts are
put with the availability of the limited literature to draw con-
clusions. The choice of weapons and ammunitions in the pre-
sent study was carefully done to satisfy the commonly used
group in the region of study.In cases of death due to ﬁrearm injuries, the retrieval of the
crime bullet or its fragments from the dead body is vital to
establish the type of the ﬁrearm and identify the assailant.
The bullets, thus retrieved are compared with the bullet test
ﬁred from the suspected weapon.
The crime and test ﬁred bullets are thus examined under the
comparison microscope to match the riﬂing and individual
weapon marks on the bullet surface, thus any variations in
the comparison of these marks rules out the suspected
weapon.3 Whenever a bullet is embedded in a cadaver over a
period of time, it is exposed to the aerobic and anaerobic bac-
teria, fungi, cell enzymes, enzymes from maggots, and blood.
In circumstances where the body is retrieved few days after
death, the enzymes liberated due to the natural process of
autolysis and putrefaction from the bacteria and catabolic cell
Table 5 The percentage of loss of striations was calculated based on the following standards. (A) Standard microscopic observations
of minor countable striae (microstriae) on bullet surface. (B) Standard microscopic observations of the major countable striae
(macrostriae) on bullet surface. (C) Standard macroscopic observations (naked eye) of major countable striae (macrostriae) on bullet
surface.
00% 50% 100%
(A)
All minor countable striations clearly seen (microstriae/
individual characters)
Nearly half of the minor countable striae
obscured
All the minor countable striae
obliterated
(B)
More prominent striations Less prominent Smooth/not prominent
Space between the striations Onset of widening space between striae A complete smooth surface devoid of
striations
(C)
Total number of major countable striations
(macrostriae/class characters)
Macrostriae obscured, less prominent and
surface uneven
All striae completely obliterated,
surface smooth
20 D. Rao et al.whose pH value is increased, react with the surface metal of the
bullet and induce corrosion.4–7. The surface metals of the bul-
lets are exposed simultaneously to microorganisms, which in
turn inﬂuences the corrosive process over the metal surface.
Microbiologically induced corrosion (MIC) refers to the inﬂu-
ence of microorganisms on the kinetics of corrosion processes
of metals, caused by microorganisms adhering to the inter-
faces, called bioﬁlms. This MIC is involved in the corrosion
of metals, which has been well acknowledged during the last
decade.8–12
The study highlights the fact that brass, copper and lead
metals used in different ammunitions under study showed cor-
rosion by the action of bacteria and enzymes in the form of
bioﬁlm and bio-corrosion. Though the study did not attempt
to study the individual bacteria and their enzyme action on
the different metal components of the bullet, it hypothesized
that the basic biochemical reaction involved in it are consis-
tent, i.e. the formation of bioﬁlm is facilitated by the produc-
tion of extracellular polymeric substances (EPS). Bioﬁlms thus
formed on the surface of metallic materials will alter interfacial
electrochemical processes, which can lead to increased corro-
sion of the colonized substratum6 established bio-corrosion
involving copper metal, and a similar bio-corrosion was
observed in the present study over the copper jacketed bullet.
In principle, corrosion is an interfacial process. The kinetics
of corrosion are determined by the physico-chemical environ-
ment at the interface, e.g. by the concentration of oxygen,
salts, pH value, redox potential and conductivity. All these
parameters can be inﬂuenced by microorganisms growing at
the interfaces. This mode of growth is preferred by most
microorganisms on earth.13 Similar is the environment suitable
for corrosion of metals during the process of putrefaction of
human body. The clusters of microorganisms on the bioﬁlm
can change the pH value for more than three units locally.14,15
It is also indicated that MIC occurs when microorganisms are
present and active. Similar were the observations in this study,
wherein the corrosive process was observed within 48 h after
death and was more pronounced during the advanced state
of decomposition process. The anaerobic bacteria are generally
sulfate reducing bacteria e.g. Desulfovibrio desulfuricans,
Clostridium aceticum, Escherichia coli, Shewnella putrefaciens,
Paracoccus denitriﬁcans, Alteromonas putrefaciens; metal-
reducing bacteria like Pseudomonas and Shewanella; metaldepositing bacteria like Gallionella and Leptothrix and the
acid-producing bacteria like Thiobacillus thiothrix and Beggia-
toa spp. organic acid producing fungi like Aureobasidium pul-
lulans, Hormoconis, Penicillium spp., and Fusarium spp. All
these microbes and fungi are well known to cause corrosion
of the metals like steel, iron, and aluminium. However further
studies are essential to isolate the microbes and fungi respon-
sible for brass, lead, copper, antimony or other metal alloys
so as to manufacture corrosion resistant ammunition to safe-
guard the signatures of the weapon and investigations.15,16
The catalytic enzymes (glycolytic, proteolytic and lipolytic
enzymes) cause further corrosion due to their reaction with
metals and corrosive effects of enzymes’ pH,4,17–19 form sub
acetate of metals and corrode the metal surface which leads
to obscuring of the ﬁne striations caused by the riﬂing marks
of the weapon.3 The present study proves beyond reasonable
doubt the direct correlation with corrosion and obscuring of
riﬂing markings over the bullet with the duration of putrefac-
tion. This alteration of the markings interferes in the identity
(signatures) of the weapon in question or it may lead to the
identity of wrong weapon, which can be disastrous to the crim-
inal justice system.
In this study, the bullet was retrieved at different post-
mortem intervals with the body subjected to the natural pro-
cess of decomposition. The riﬂing (macrostriae) marks seen
through the naked eye or comparison microscope (class char-
acters) were corroded and obscured completely after the 8th
day and the small linear striae (microstriae) obliterated com-
pletely after the 4th day and 50% of the small linear striae
(microstriae) were obscured on the 2nd day. Individual charac-
ter markings though not visible with the naked eye (macro-
scopic) are well appreciated through the comparison
microscope. The results indicate total obscuring of the micros-
triae (individual characters) in bullets retrieved, after the 10th
day of decomposition. However, 50% of the microstriae marks
on the bullets were obscured in those retrieved on the 4th day
of decomposition. Similar were the observations made by
Smith et al.1 who reported 90% obscuring of the markings
on the bullet in advanced decomposition. However, the bullets
showed bioﬁlm, biofouling and microbiological induced corro-
sion along with the process of decomposition resulting in
greenish to black corrosive changes on the surface of the bul-
let. The control set of bullets that were embedded in the mus-
Effects of human decomposition on test ﬁred bullet 21cular layer of the body kept in cold storage with a mean tem-
perature of 2–4 C did not show any such changes on the
riﬂing marks on the bullets which conﬁrm the inﬂuence of
microorganisms pH in the corrosive process on the bullets.
As the decomposition process advances the metal is further
exposed to degraded cell enzymes, bacterial enzymes and
enzymes from maggots causing further corrosion, biofouling
and bio-corrosion. Hence, the present study highlights the
investigative signiﬁcance of the early retrieval of the bullet
and its fragments from the body and also the importance of
adequate storage facility of the cadaver. In this study the
description of changes in the individual characteristics in each
bullet was done to reconﬁrm the changes and its variations in
the marking patterns on the test ﬁred bullet. The investigators
and ballistic experts should always keep in mind the variations
in the riﬂing marks on the bullet retrieved from decomposed
bodies before making conclusions on the crime bullet. Further-
more, individual reaction of tissues to the metals needs further
research and manufacturers should replace existing ammuni-
tion and consider replacing with enzymes, microbial and mag-
gots resistant metal or its alloys in the making of bullets. The
present study also highlights the need for further research to
understand better the relationship between different tissues,
decomposition, enzymes, microorganisms, maggots, fungi on
the surface metal of the bullet. These changes may manifest
in the form of exclusion of the actual weapon involved in the
crime and conﬁrm an innocent weapon of assault in the crime
though not related to it in cases of ﬁrearm deaths involving
decomposed bodies, thereby contributing to misadventure in
the criminal justice system.6. Conclusions
1. The present study highlights the fact that factors responsi-
ble for decomposition are directly responsible for corro-
sion, which in turn obliterates the class and individual
characters of the weapon.
2. Enzymes derived by decomposition process, bacteria (aero-
bic and anaerobic) and maggots, cause reaction with the
metals on the bullet or its fragments leading to corrosion
of the markings on the crime bullet.
3. Bacterial enzymes react with metals and form sub acetate of
metals and bioﬁlm on the surface of metals, which together
causes obliteration of the markings or striations present on
the crime bullet.
4. The present study also highlights the importance of timely
recovering of the dead due to gunshot wounds and the
importance of adequate storage of the body.
5. The study also highlights the implications of the corrosive
changes in the bullet in ﬁrearm investigations.
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